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With  six  illustrations  (received  on  15  April  i960) 

The  breeding  of  ysllow»fever  virus  in  human  tissue  explants  has  been 
reported  or.  earlier  ( 1 3#  15).  In  order  to  determine  the  ©xistanos  of  a  virus 
it  is  generally  sufficient  to  determine  the  oytopathogenio  effect  whose  ap*oi« 
fioity  if  neosss ary  oan  ba  ascertained  through  the  inhibition  test  using  anti- 
sera. 

(The  aytepathoganie  effect  can  easily  be  determined  in  rolled  culture 
tubes,  primarily  in  the  peripheral  acne  of  the  outgrowing  tissue.  Streak*, 
sh&pscl  bands  of  tissue  defeats  (in  the  rolling  direction  of  the  little  tubs) 
can  be  determined  m&orosaopioally  rather  early  and  oan  bo  considered  as  un¬ 
failing  signs  of  virus  infection,)  :... 

Tha  titration  of  the  infectiouunass  of  the  oulturh  virus  gives  us 
roughly  the  same  values  in  tha  expl&nt  and  in  the  cerebral  mouse  test.  1?«D 
strains  constantly  passed  in  the  aslant  however  lose  their  mouse  pathogenic 
city  so  that  we  can  no  longar  make  a  domparative  infsotiousnsas  test  in  the 
expl&nt  an&Hn-  the  animal  experiment,  - - 


It  would  therefore  b@  desirable  to  establish  hemagglutinin  in  the  virus* 
infected  explant  and  this  certainly  did  not  appear  hopeless  particularly  in 
view  of  tha  considerable  virus  content  which  waa  achieve'1  in  vitro,  After  a 
few  initially  unsuccessful  preliminary  experiments  w©  wth’@  able  to  achieve 
this  goal,  that  is  to  say,  w@  were  able  to  work  out  a  very  simple  method  as« 
cording  to  which  virus -.specif is  hemagglutinin  oan  be  established  in  the  in¬ 
fected  tissue  and,  most  recently,  also  in  tho  csll-fres  phase  of  the  culture 
modiuiin 


Virus  strains.  The  following  culture  passage  strains,  some  of  which 
had  been  described  earlier,  woro  used  in  these  ©scparlKsr.toi 

1?  D  (London)  of  the  99th  UoLa  “Sip"  /50th-60th  KB  passage, 

1?  D  (Amsterdam)  of  tho  52nd-6oth  KB  passage, 


of  the  4?tk-65ti.  ::3 
Amnion  FL  passago, 


respectively  4?th  X3/lst 


Asibi  II  of  the  8th-21st  K3  passage. 


The  1  y.*D  London,  respectively,  Amsterdam  strains  did  not  reveal  any 
mouse  pathogenicity  any  longer.  The  Asibi  I  strain  had  apparently  lost  its 
visoerotropia  for  monkeys  through  sustained  passage  in  the  esqslant.  The 
strain  Asibi  II  represents  a  second  culture  passage  strain  ©f  the  same  initial 
Virus  (lyophiliged  monkey  serum,  Rockefeller  Institute,  Hew  York)  and  was 
refreshed  prior  to  transfer  to  the  explants  by  means  of  an  additional  monkey 
passage.  The  monkey  pathogenicity  of  this  strain  had  not  yet  been  determined, 

Sxplants,  All  virus  strains  were  passed  in  K3  explants  which  had 
earlier  proved  to  be  optimum  for  the  breading  of  yellow-fever  virus.  Occa¬ 
sionally  and  for  the  purpose  of  comparison  we  also  used  HaLa  ’•Zurich11  ©xpl&nts 
for  virus  passage,  Finally  we  also  tested  tha  Amnion  FL  strain  of  Fogh  (12) 
for  Its  suitability  in  virus  breeding.: 

The  culture  medium  was  always  the  same  for  the : virus-infected  oxplants 
and  had  the  following  composition}  j  , 

■  Cali"  a arum  10,0  Penicillin  5001 S/oq 

Laotalbumin  5$  •  10,0  Streptoayoin  5,0  jm 

Medium  199  10.0  nystatin  100  S/cc 

Hanks  Solution  ?0.0  pH  7.4  »  ?,6  | 


The  same  medium  was  also  used  far  tha  transfer- ^and  maintenance  of  KS 
and  KeLa  "ZiSrtoh"  cell  strains  while  tho  strain  cultures  of  the  Ami  or.  PL 
tissue  war©  passed  in  tha  Ly  medium  mentioned  by  Fogh '(12). 

Tha  strain  culture a  wars  incubated  at  a  temperature  of  37e  S  in  steads 
ily  held  bottles  (  13  ca  of  culture  medium  }t  while  tha  experimental  cultures 
wsr®  kept  in  little  -  tubas  (2,5  eo-  culture  mediuu)._iR  the. rolling  apparatus. 


Tha  virus  infection  of  the  onplants  as  well  as  the  evaluation  of  the 
oytop&thegonio  effect  were  performed  in  the  wannor.  described  earlier  (sea 
also  preceding  reference  to  determination  of  cyt ©pathogenic  effect 5 . 


(a)  Borato  extraction.  The  tissuo  ©^planted  in  tha  little  rolling 
tub©  is  washed  once  —  after  removal  of  tha  culture  medium  —  with  2.5  oa, 
each,  of  Hanks  solution  (pH  7,4  -  7,6)  and  is  than  covered,  in  situ  (diago¬ 
nally  positioned  culture  tube)  vith  2,5  sc,  cash,  borata-HoCl  solution  (0,05  » 
borate  -  0,12  m  Had,  pi  I  8.7  -  9.0)  (the  buffer  solution,  by  the  way,  is  pre¬ 
pared  according  te  the  indications  by  Clarke  and  Susals  (11))}  it  is  then 
oxtraotsd  for  30  minutes  at  room  tomparaturo  (80°  G).  After  th©  removal  of 


vS.:s  solution  (pH  6.5)  and  they 


the  expiants  are  washed,  once 
are  then  vrovidsd  with  a  new  culture 


v<mVA'.AvVj 


The  borate  extraction  car.  also  be  performed  in  the  centrifuged  cell 
sediment  of  processed  cultures.  Trior  washing  of  the  cell  sediment  with  Hanks 
solution  is  required  only  if  the  superposed  medium  cannot  be  completely  trans¬ 
ferred  with  a  pipet  or  if  the  tissue  was  homogenized  with  trypsin. 

(b)  Phosphate  (detraction.  Instead  of  borate  we  use  a  phosphate,  re¬ 
aps  stively,  phosphate-borate  buffer  (0.2  a  phosphate  -  0,15  a  HaCli  0,05  » 
borate  ■»  0,12  »  KaCls  pH  6.6  -  u.?)  for  the  extraction  of  tho  hemagglutinin, 
frier  ie^ths-sxtraetion,  the  tissues  ara-onoa-  ugs.inw.sshed,  ~just_ai*C"ef"  in 
situ,  using  Hanks  solution  (pH  w.u);  after  that  they  are  extracted  with  2,5  08 
each,  buffer  solution  for  20  minutes  ut  room  tomporatura j  wo  then  wash  once 
with  Hanks  solution  (pH  7,4  -  ?,6)  and  we  finally  supply  2,5  oo,  each,  of  new 
culture  medium. 

A  modification  of  this  procedure  consists  in  the  following?  we  leave 
the  previously  washed  tissue  in  situ  in  contact  with  2.5  cc;  each,  of  phos¬ 
phate  buffer  (pH  6.6  -  0.7)  plus  goose  erythrocytes  (ip)  during  20  minutes 
at  room  temperature.  The  erythrocyte  suspension  is  then  removed  from  the  tis- 
5uo  as  coroplotely  as  possible  (using  an  injection  syringe  and  it  is  then 
peered  into  sedimentation,  respectively,  conical  centrifugation  tubes.  The 
a  "plants  are  than  once  again  washed  with  Hanks  solution  (pH  7,4  -  ?.<$)  and 
are  provided  with  new  culture  medium. 

2. 

The  culture  medium  to  be  tootocl  is  brought  to  a  pH  of  7,4  «  7,6  by 
means  of  Natr.  bicarb.;  tho  coll  elements  are  removed  by  means  of  centrifuging 
and  it  is  then  cooled  to  4°  0  in  an  icn-coolod  water  bath.  After  adding  the 
same  volume  of  ico-ooolod  freon  solution  (  1,2  difluorotstraciilorothane  )  tbe_ 
unisrtura^s-fercafully  agitated  for^l -2  ivinutbir  in^thonjold  environment- and  is 
then  centrifuged  for  2p  -  5  minutes  at  2,500  T/minutea.  The  watery  superna¬ 
tant  liquid  is  than  once  again  shaken  once  and  perhaps  twice  with  freon. 

Tids  method  makos  it  possible  to  remove  nonspecific,  hemagglutinin-inhibiting 
substances. 


Conservation  of  hoi'&g  glut  Inin  extracts.  Borate  extracts  with  a  pH  of 
8.?  -  9.0  can  bo  conserved  at  »2C°  C.  This  applies  also  to  media  agitated 
with  freon.  On  tho  other  luuid,  phosphate  uxtruato  with  a  pH  of  6.6  -  6,7  can¬ 
not  be  preserved  and  must  therefore  bo  used  immediately  after  they  are  ob¬ 
tained  > 

Hemagglutination  tost,  The  hemagglutinin  extracts  are  diluted  in  tho 
ouotomry  little  test  tubas  in  0.25  go,  ouch,  of  phosphate-  borate  buffer* 
with  a  pH  of  6„7»  the  dilution  hers  is  1  i 2  all  the  way  to  1 *1024;  they  are 
then  transferred  (mixed)  in  the  sumo  buffer  with  0.25  00 ,  each,  of  a  0 .75,1 
goose  erythrocyte  suspension  (hortorfiold,  18),  After  the  mixtures  have 


“  3  - 


stood  at  room  temperature  for  1/2  -  1  hours,  the  hemagglutinin  titer  is  de¬ 
termined. 

Hemagglutination  inhibition  test,  Hyper-antisera  of  monkeys  and  rab¬ 
bits  (we  want  to  thank  l-Jr.  !•'«  Theiler*  Hew  York  and  Hr.  I.S.  Porterfields, 
London,  for  lotting  us  have  those  soi-a)  wore  pre-treatad  with  acid-washod 
kaolin  according  to  the  method  described  by  Clarke  and  Casals  (11)  for  the 
removal  of  nonspecific  inhibitors.  They  wore  then  diluted  with  borate  buf¬ 
fer  (pi:  8,7  -  9,0)  1 *10  all  the  way  to  1  :  5120.  We  took  0,25  oo,  each,  of 
those  serum  dilutions  and  mixod  then  with  0S25  sc,  each,  of  borate  extract, 
respectively.  8  hemagglutinin  units;  tho  mixtures  were  left  standing  for  4 
hours  at  +  4®  C. — .iftsr-  that  we  added  0,5  os,  .  each,  of  a  goesansrythrdcyte 
suspension  in  phosph&te-borata  buffer  (pH  6,7)  and  we  read  off  the  inhibition 
titer  after  the  mixture  had  stood  at  room  temperature  for  1/2  hour. 

Eicpsriments 


The  original  intention  of  establishing  hemagglutinin  in  the  virus- 
inf  eoted  tissue  with  /iilegible  pas sago  in  photostat/  proved  Impractical  be¬ 
cause  virus-containing  explants  could  certainly  not  adsorb  goose  arythroeytes 
which  had  been  added  end  which  wore  suspended  in  a  phosphate  buffer  solution 
With  &  pH  of  6,?.  In  those  preliminary  experiments  we  made  the  surprising 
discovery  that  erythrocyte  suspensions  of  this  kind  hemagglutinized  very  in- 
tnasively  within  a  very  abort  period  of  time  after  having  been  kept  in  con¬ 
tact  for  15-20  minutes  with  virus-containing  tissue  in  vitro.  The  very  ob¬ 
vious  assumption  ««  to  the  affoot  that  the  eu (planted  tissue  releases  virus- 
specific  hemagglutinin  under  the  effect  of  tho  acid  phosphate  buffer  —  could 
be  confirmed  through  the  successful  hemagglutinin  extraction  with  phosphate 
buffer  solution.  The  fuot  that  tho  release  of  the  hemagglutinin  is  not 
brought  about  by  the  acidity  of  tho  buffer  emerges  from  the  observation  ac¬ 
cording  -te-whioh-  a  hemagglutinin  ■  extraction  with  'Hanks'  solution  Of  corres¬ 
ponding  acid  reaction  (  pH  6.7)  is  not  possible.  The  affect  observed  would, 
Instead,  seam  to  ba  brought  about  by  tho  cytotoxic  effect  of  the  phosphate 
solution^  at  any  rate,  explant o  rove.nl  a  morphologically  changed  appearance 
after  phosphate  extraction  (temporary  rounding  of  tissue  cells). 

The  phosphate  extraction  of  yailow-fover  hemagglutinin  involves  two 
disadvantage,?  s  first  of  all,  tho  previously  mentioned  tissue  damage  which 
in  ac.ro  of  repeated  extraction  attempts  can  load  to  the  loss  of  tho  explant 
and,  {.©send,  tho  great  instability  of  the  hemagglutinin  in  the  aoid  wetraot, 
which  requires  rapid  utilisation.  For  tho  routine  hemagglutinin  determina¬ 
tion  wo  therefore  extensively  refrained  from  using  tho  phosphate  buffer  ex¬ 
traction,  that  is  to  say,  the  extraction  was  confined  to  those  oases  in  which 
a  rapid,  qualitative  hemagglutinin  determination  was  desired.  For  this,  the 
advance  treatment  of  virus-infected  oxplunts  with  goose  erythrocytes,  sus¬ 
pended  in  a  phosphate  buffer  solution,  is  highly  suitable  as  the  most  sensi¬ 
tive  test. 


—  ^  m 
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The  method  of  selection  ur«  finally  the  extrao+ion  in  t-Iio  alkali  range, 
which  had  been  tested  by  Sabin  and  associates  (5  «  9)  in  obtaining  hemagglu- 
tinin  in  other  Arbor  viruses,  using  a  borate  buffer  with  a  pH  of  8»7  -  9»C» 
This  extraction  method  offers  a  number  of  major  advantages,  specifically, 
t!io  surprisingly  small  cytotoxic  effect  of  this  buffor,  the  apparently  quan¬ 
titative  release  of  hemagglutinin  from  the  virus-infected  tissue  and  the  con~ 
siderabic  stability  of  the  hena-glutinlzing  extracts.  The  fact  that  in  this 
case  the  alkalinity  of  the  buffer  is  decisive  for  the  extraction  affect  is 
indicated  by  ths  following!  a  Hanks  solution  with  a  corresponding  pH  is  like¬ 
wise  suitable  as  extraction  means,  although  apparently  to  a  lesser  degree. 


The  establislaient  of  hemagglutinin  in  the  liquid  culture  phase,  re¬ 
spectively,.  in  the  oulture  medium  created  major  difficulties  in  ths  beginning. 
Repeated  esqperimsnts,  aimed  at  removing  the  nonspecific  inhibitors  of  the  me¬ 
dium  —  whose  hemagglutination  inhibition  titer  should  bo  suggested  at  1 :64 
by  means  of  Belts  filtration  (  4  )  did  not  load  to  any  clear  results.  Finally 
the  repeated  shaking  of  the  virus-containing  culture  liquid  with  fluorocarbon, 
respectively,  freon,  in  a  cold  environment  proved  to  be  a  method  suited  for 
the  isolation  of  hemagglutinin.  Borate  extracts  can  likewise  be  freed  of  any 
still  existing  inhibitors  through  prior  treatment  with  freon,  without  any 
adverse  effect  on  the  hemagglutination  titer. 

Z.  Properties  of  hsinar^'lv.t^nin. 

(a)  Behavior  During  Hemagglutination  Tost 

The  activity  of  hemagglutinin  —  as  in  all  arbor  viruses  —  dapsnds 
to  a  high  extent  on  the  hydrogen  ion  concentration  in  the  reaction  environ¬ 
ment.  The  optimum  pit-value  is 'definitely  around  6.6  »  6,7;  at  a  pH  of 
7,0  and  -<^ 6.4  we  mostly  do  not  have  any  hemagglutination.  The  effect  of 

temperature  on  the  process  of  hemagglutination  was  investigated  at  +_4£, _ 

-20°-,  and  +-37°-6  j  at  -room  temporature  (  -t*  20c  C  )  and  “in  cold  weather 
(  +  4°  C)  we  achieved  the  same  hemagglutination  titers  and  the  temperature 
effect  was  confined  to  the  different  speed  of  the  reactions  at  37°  C  (in  ths 
water  bath  5,  on  the  other  hand,  thoro  is  no  hemagglutination  at  all,  pro¬ 
vided  the  reaction  components  wore  pro-heated  to  this  temperature  before 
mixing  for  a  short  time  (  5  minutes  ) .  Erythrocytes  of  geese  —  in  accordance 
with  the  statements  by  Porterfield  (1C)  —  aro  ideal  for  the  establishment 
of  yellow-fever  hemagglutinin;  chicken  erythrocytes  (taken  from  adult  animals) 
are  agglutinated  only  irregularly  and,  at  boot,  in  low  titors.  Ths  concen¬ 
tration  of  ths  erythrocyte  suspension  —  as  was  likewise  established  for  the 
other  arbor  viruses  (  6,  1?)  -a  is  decisive  for  ths  sensitivity  of  the  test; 
a  reduction  of  the  erythrocyte  density  down  to  one  half  (1.0  -  0,5  -  0.25') 
in  paralleled  by  a  corresponding  inercaco  in  the  tltar  by  ono  (1  s2)  dilution 
stage.  At  room  temperature  tho  hemagglutination  develops  rather  quickly; 
in  tho  higher  hemagglutinin  concentrations,  the  agglutinates  can  be  deter¬ 
mined  with  tho  magnifying  glass  after  as  little  as  1 C  minutes  and  we  can  road 
off  tho  titer  limit  after  another  20  minutes.  The  hcmagglutinatas  thus  formed 
mostly  come  in  tho  fora  of  a  more  or  Ions  dense  wall  lining  which  —  in  strongly 
positive  specimens  —  can  cone  off  in  the  form  of  lamella,  coupled  with  the 


j  " 
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cotton  seGIwf*r.t .  ho  indications  Tor  an  enaymatio  reduction 


of  c&ll  receptors  c 


bo  found.  Aggiwti;.&tos  agitated  saver-al  times  can, 
to  be  sure,  be  transferred  tc  a  homogeneous,  spontaneously  not  agglutinating 
cell  suspension  which,  however,  is  ro-agglutinated  in  its  original  strength 
Vne  renewed  addition  of  fresh  hemagglutinin.  The  virus  specificity 
the  hsnaggiut inin  was  ascertained  in  the  inhibition  test,  using  inhibitor^ 
free  yellow-fever  antisera;  here  we  determined  an  iniiibition  titer  of  1 :320 
(rapid  serum),  respectively,  1:1  SCO  (monkey  lyper-antiserura) , 


of 


(b)  Behavior  in  Erclant 

If  we  want  to  establish  hemagglutinin,  it  is  very  important  to  know 
whether  the  infected  ex-plants  are  hold,  stable  or  whether  they  arc  moved  in 
the  agitator;  we  can  determine-  tho  Imiagglutinin  regularly  only  In  the  latter ; 
in  the  former  case  this  is  impossible  most  of  the  time.  The  obvious  assump¬ 
tion  ~  according  to  which  we  could  achieve  a  higher  infeetiousness  titer  in 
agitated  cultures  than  in  resting  cultures  —  could  be  verified  by  means  of 
a  comparative  infectlousnsss  tost  involving  identical  infected  explants  (100 
tissue  culture  doses  of  virus  Asibi  I);  the  titer  difference,  which  was  de¬ 
termined  on  the  5th  day  p.i.  was  about  log  2,0  (6, 5:4. 3)  for  the  tissue  (bor¬ 
ate  extract)  and  it  was  roughly  log  1.0  (5.6*4, 5)  for  tho  culture  medium 
(native).  In  stably  incubated  tucplants  us  therefore  obviously. do  not  achieve 
the  virus  concentration  (see  below)  which  is  required  to  determine  the  hemag¬ 
glutinin  at  least  not  as  a  rule,  ill  exqjorinsnts  ware  therefore  performed 
in  agitated  explants. 


hemagglutinin  formation  time.  In  order  to  determine  the  time  at  which 
we  might  be  able  to  establish  the  presence  of  hemagglutinin  for  tha  first 
time  and  in  order  to  determine  the  maximum  titer  achieved  as  well  as  the  dura¬ 
tion  of  the  hamag  glut  inin  production  process,  wo  continuously,  that  is  to  say, 
daily,  subjected  the  explants,  which,  had  been  infected  with  varying  doses  of 
viruses  (log  0.0  to  6.0  ID^q)»  to  borate  buffer  anti-action.  The  experimental 
results  achieved  hare  are  shown  in  Table  1  and  in  tha  Graphs  1  «  6  (see  Ap¬ 
pendix)  . 


As  expected,  the  volume  of  the  inoculation  doss  determines  the  incu¬ 
bation  t ' me  at  which  we  can  mane  our  first  hemagglutinin  determination.  In 
cxplants,  which  wm-o  inoculated  with  larger  infection  doses  (iQd  to  lOw  ID^q), 
this  time  usually  comes  on  tho  third  day  and  in  a  few  rare  cases  on  the  sec¬ 
ond  day,  p.i.;  (in  case  of  veiy  high  inoculation  doses,  the  hemagglutination 
fo mat ion  is  veiy  clearly  inhibited  and  on  occasion  it  is  completely  suppressed; 
Chanock  and  Sabir.  (3)  made  a  similar  discovery  in  the  case  of  tho  virus  of 
equine  encephalitis,  type  l.'ost;  no  hemagglutinin  could  be  extracted  from  mas¬ 
sively  inoculated  mouse  brains);  less  strongly  infected  cultures  can  give  us 
a  hemagglutination  determination  on  the  4th  day,  p.i.,  at  the  earliest.  In 
each  caso  rre  can  establish  tho  liomr.gglutin.ln  in  the  explant od  tissue  24  -  48 
hours  before  the  first  indication  of  a  cytopathogenic  effect.  The  maximum 
hemagglutinin  titer  is  achieved  in  most  cases  within  24  hours  after  the  first 
possible  determination  and  as  far  as  time  is  concerned  coincides  with  a  tnodium- 
level  cytopathogenio  effect  reaction;  increasing  rounding  of  tissue 


*a5friehB  ar.d  Amnion  "?L"  explants,  on  the  other  hand,  the  cytopathogenic  ef- 
-'oot  revealed  a  pronounced  protracted  course  and  as  a  rule  did  not  end  in  the 
complete  destruction  of  the  tissue  (*).  An  increase  and  a  drop  ir  the  hemag¬ 
glutinin  concentration  take  place  also  in  such  explants  at  a  correspondingly 
slower  rate,  •  . 
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Legends  a—  hemagglutinin;  b —  time  of  first  determination  (*);  c —  tine  of 
;m::inin  titer  (*);  d —  virus  strains;  e —  tissues;  f—  inoculation  dose  (TOD); 
(*)  number  of  days  after  infection  (average  values). 

(The  further  breeding  of  surviving  IleLa  and  Amnion  cells  mostly  does 
not  create  any  difficulties  and  enables  v.s  to  obtain  "permanent  cultures'* 
(several  months  old,  not  converted  or  transferred  explants).  Explants  of 
this  kind  are  in  a  state  of  equilibrium,  between  proliferative  tissue  growth 
and  degenerative  cell  decomposition  and  are  chronically  *infected,  as  we  were 
able  to  see  on  the  basis  of  repeatedly  successful  virus  and  hemagglutinin 
determinations  as  well  as  on  the  basis  of  the  proven  resistance  -against  re¬ 
infection.  An  extensively  similar  f  inding  was  made  in  connection  with  the 
breeding  of  classical  and  atypical  poultry  pest  virus  ^chicken  cholera J  in 
explants  of  the  same  type  (16,  17,  14).) 


The  virus  strains  used  do  not  essentially  differ  from  each  other  with 
respect  to  their  hemagglutinating  capability  although  the  particular  maximum 
titer  achieved  in  each  case  in  the  Asibi  strains  was  on  the  average  somewhat 
higher  than  in  the  case'  of  the  17  -  D  strain.  *.Je  right  mention  here  merely 
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»hat  the  1?  -  D  strain  (London)  #  which  IvacL  been  passed  longest  in  human  ex- 
plants,  no  laager  produced  any  hemagglutinin  after  99  HoLa  -  "Sip’1  and  54  XB 
passages.  A  similar  loss  of  hemagglutinati ng  activity  vras  also  imported  by 

SnVi4n  fit.  r.  1  -  f  10  Or)  fi'l  in  n'l  r]  ■■•n  K'hvnt  r.s  rtthftl*  .ft Y*Vi/-f»  lHwio.- 


Sabin  et  al.  (1$>,  20,  8)  in  old  passage  strains  of  other  Arbor  viruses.  In 
•the  case  bora  it  is  now  highly  questionable  whether  the  culture  strain  ao» 
tually  lost  its  capability  for  hor.ragglutinin  formation  because  there  was  a 
simultaneous  drop  in  the  infocticusness  titer  by  about  1  logi q  so  that,  poo. 
oibly,  only  the  thrashhold  value  required  for  hemagglutinin  determination 
was  not  reached. 


(The -fast  that  this  assumption  would  seam  to  apply  here  enlarged  during 
the  69th  KB  passage  in  which  hemagglutinin  —  corresponding  to  a  new  rise  in* 
the  infectiousness  titer  »-  ones  again  could  be  established  in  a  vary  stall 
quantity. ) 


The  finding  that  the  hemagglutinin  determination'  can  be  made  also  in 
the  culture  medium  —  following  prior  elimination  of  nonspecific)  inhibitors 
through  freon  »»  offered  a  possibility  for  making  a  simultaneous  and  contin¬ 
uous  determination  of  the  quantitative  distribution  of  hemagglutinin  over 
the  tissue  and  the  liquid  culture  phase.  Hemagglutinin  extraction  from  the 
infected  tissue,  as  in  the  earlier  experiments,  involved  the  superposition 
of  the  washed  explant  with  2.5  ca,  each,  of  borate  buffer  with  a  pH  of  G.? 
o.'sr  jO  minutes  at  room  temperature;  to  establish  the  hemagglutinin  in  the 
medium,  £.5  cc»  each,  of  call-free  culture  liquid  were  agitated  with  freon 
iTh  in  a  cold  environment .  (  +  k°  Q  )  throe  times  in  succession.  The  effi¬ 
ciency  of  this  method  oan  be  seen  in  Table  2,  Partially  cleaned  specimens 
as  a  rule  reveal  a  lower  inhibition  zona  which  occasionally  can  also  bs  found 
in  the  uncleared,  virus-containing  culture  media.  The  purification  or  clean¬ 
ing  process  can  be  considered  completed  when  wo  oan  no  longer  establish  the 
existence  of  a  prosor.e  and  when  the  hemagglutinin  titer  remains  at  a  constant 
level. 


_TA3LB_2_ 


PURIFICATION  OF  CULTURE  MSDIA  TOTH  FREON 
igglutinin  titer  before  and  after  1  -  >-fold  freon  agitation 


+  +  +  + 
■4"  4*  4-  4- 


4-4-  4’  4- 
4-+  4-4- 


4-+  +  + 
4-4-  4-4- 


(+)  (±) 
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SXOifillTb  fiUHThoT*  *  V<v,  •**-•.  »  ,  . 

,  .  t  ?  x  •  V  .  • '  “  t,-£"Uu  !  =—  virus  strains  d~~  frecn  tra?* 

7 ^^arcJaUn-^h^nar  ^^dUU^°;‘!  b(5“orCi;  evaluation;  +h>  haavy 

“i  ’  7l\  -e.'-raiiior.;  ++  dons©  Marginal  ooating}  +  £i&L 

ooatint  Se  (  }  W°ak  mr^lnal  (S>  slightly  indicated  ikrgiSJ 


•Ag&aui  a—  ezpl^^^^i._tissas ;  c —  inoculat ion  dose  (1CD);  d—  day,  p.i.; 
e“"  li«2a^latinia  i^^p^rXJES —  cytcpathogcnic  effect;  R—  purification  of  ax- 
plant,  surviving  1|es$es&..  -  :  cannot  bo  determined;  *  —  aaxi.Tmnn  titer 
achieved.  fSa&gSF*  .  \  -  . /V;  - 

A  co^:aratife’lnyestigation  on  the  henaggltitinin  concentration  in  ex- 
planted  tissue,  on;:£be>one  hand,  and  the  pertinent  culture  on  the 

other  hand,  starts  "ire® -the  assumption  that  the  borate  ;  extraction  approxi¬ 
mately  exhausts  the  ^tire  hemagglutinin  content  of  the  tissues  and  that  the 
freon  treatment  of-tlSse,  medium  likewise  renders  the  haimy jftntd  n-i n  present  in 
each  case  Quantitative^' determinable .  There  aror.two  finSiigs  which  speak 
in  favor  of  this  seffiungxtion:  (1)  the  tissue  extracted  with  borate  buffer 


the  tissue 


borate  buffer 


mostly  releases  only:;  traces  of  herags^utinin  in o<axnecti«a-  with  a  subsequent 
second  extraction  -'$&&■  we  were  able  to  find  out  later  on  the,  one-tine  borate 
extraction  of  a  tissue  suspension  is  not;  always  exhaustive Because  a  repeated 
extraction  occasionally  is  capable  of  releasing  considerable"  quantities  of 
hemagglutinin  in  case  the  cell  suspension  is  frozen  at  -  20°  C  in  the  borate 
buffer  for  2k  hours  and  then  quickly  thawed  out)  and  (2)  *  the  borate  extracts 
with  high  henagglutinin  content  reveal  inf oetiousness  titers  which  can  be  con¬ 
sidered  maximum  fear  the  yellow-fever  virus.  The  same  applies  to  freon-puri¬ 
fied  substances  (fpeph  purificates)  for  which  the  same  infectiousness  titers 
as  for  the  corresponding  nor.-purified  initial  media  are  determined  as  a  rule. 

Of  the  rau&erocs  cocparativo  titrations  of  this  kind  we  have  reproduced 
the  results  in  a  limited  number  in  Table/)* 

;'-f ,  •_  '■  .  '  : 

As  was  to  be.  ejected  a  priori,  the  hemag^tinih^af  ithe  mature  me¬ 
dium  —  in  eoEpariamjto  tha  tissue  medium  --  reaches  the  . threshibold  of  de- 
tenainability  and  |i$er- increase  about  2k  hours  later.  p  The  hemagglutinin 
concentrations  proved  *in  the  radium  extensively  correspond  to  the  progression 
of  the  cyfcopathogehic/reffect  so  that  the  assumption  is  'justified  that  the  in¬ 
tensity  of  the  tis|u%i : decomposition  is  decisive  for  the /extent  ,  of  the  virus 
release  into  the  2a^&diculture  phase.  in  general,  we  determined  loiter  maxi- 


mum  titers  in  the  caitpra  nodlur:  than  in  the  corresponding*  tissue .  In  Amnion 
explants,  in  whicl^^ie  cytopathogcnic  effect  is  considerably  delayed,  this 
finding  would  corrh|ppnd  to  actual  conditions;  in  other  plants  (13,  ZeLa) 


quontly  established/  relatively-  small  hem j glut inin  content  of  the  culture 
medium  is  therefore  possibly  the  consequence  of  the  artificial  virus  removal 
through  prior  borate  extractions  of  the  explanted  tissue. 

(c)  r.elaticnshin  Zstwoon  Zorn •  v-lntlnln  and  ~nf oetiousness  Titer 

Hemagglutinin-contaii'-ir.g  extracts  from  infected  tissues  are  just  as 
infectious  for  enplants  (and  for  the  white  mouse),  as  cell-free  culture  li¬ 
quids.  h’e  therefore  increasingly  frequently  used  borate;  extracts  for  virus 
passages  in  the  explant  so  that  the  hemagglutinin  titer  of  the  inoculated 
virus  extract  could  be  compared  to  the  infectiousness  titer  which  is  achieved 
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ar.u  (arm.  o^oasxoncjJLy  also  in  the  cerebral  mouse  west).  7reon- 
-f^- -— -c‘-  substances  ^i'reo5/'puiririo:!.wssy  likewise  revealed  the  same  infec- 
waousnsss  tnter  as.  the  nbnrpiirified  initial  media  so  that  in  this  case  like* 
-rioc  the  ratio  of  herag^i^iuin  to  infectiousness  titer  can  be  determined’.  ' 
-*•1*  *aole  4  we  nave  the  titer  values  determined  for  borate  detracts. 


II SlllGGLc THIu!  JU.S  CCIMSSIChDIhC-  liUSSTICUSlSSS  TIT3SS  — 
SCSAT3  3XEUSTS  FICII  M3  lUPLillfS  —  TECS  STSAH-I:  JkSZHT  I 
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Legend:  a—  I.  average  values  (*);  b —  II.  individual  experiments;  c— 
e^lant  number;  d —  day,  $*iy;  Hi  —  honagglutinin'  titer;  JDcq  ~"infoctious- 
ness  titer  in  explant;  C?S;~  cywcpathogenic  effect;  (*)  —  calculated  on  the 
basis  of  28  experiments;  -  :  cannot  be  determined.  *  v 

The  average  values  of  the  titers,  which  were  counted  from  a  larger 
number  of  individual  experiments,  leave  no  doubt  that  there  is  a  certain  pro¬ 
portionality  between  the  heim^gglu  1 1  nin  concentration  and  the  level  of  infec¬ 
tiousness;  an  increase  in  the  hemagglutinin  titer  by  0.3  log  generally  is 
paralleled  by  an  increase  in  the  infect iousness  by  roughly  0*5  log.  .  The 
throshhold  of  deterniiiability  of  hemagglutinin  lies  between  b.5  and  5 »0  log-jo 
infection  doses  (ID^q)  for  the  orzpinnt  and  is  thus  strikingly  low.  Table  4 
also  shows  us  two  individual  erperixeats  in  which  the  titer  ratio  was  traced 
in  terns  of  tine;  here  we  made  the  rather  noteworthy  finding  that  no  henag- 
glutinin  could  bo  established  anymore  at  the  tine  of  the  maximum  cytopatho- 
genic  effect,  although  the  infectiousness  titer  continued  to  increase  or 
dropped  only  to  a  comparatively  c. nil  degree.  It  remains  to  be  explained  and 
clarified  whether  such  a  discrepancy  between  hemagglutinin  and  infectiousness 
can  be  proved  frequently'-  or  regularly  during  the  final,  stages  of  infected 
explants. 

Corresponding  comparative  titer  determinations  with  freon-purified 
culture  media  have  so  far  been  made  only  to  a  very  small  extent.  In  the  case 
of  five  purificates  tested,  we  determined  an  entirely  similar  ratio  between 
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the  hesagglutinin  and  i^pjt^isioss  titers  (  -  log  1.5 *5*5#  1«5*5«6;  1 .8:6*0; 
1 .3:6.3;  2.1 :6.c)  as  in^&t-'Case  of  the  tissue  extracts. 


■*£$£  "S’u.Vf  ,;VO;.  . 

(d)  Stability.  Beydactiy.eiy.  ConservaVUity 

lH gs  . 

Systematic  invos^patVozis  on  the  stability  of  the  yellow-fever  hemag¬ 
glutinin  at  various  t  empeieiur  o  s  and  variable  pH  values  have  been  made  only 
to  a  United  extent;  th£&g£s . particularly  interesting  since  we  already  have 


some  information  on  thi^ftytO):.  .Hong  with  other' Arbor  viruses,  the  hemag¬ 
glutinin  of  the  yellow-f^ver  virus  shares  the  property  of  maximum  lability 
in  the  pH  rang©  (6.6  -  6|))lof  its  optimum  activity.  Phosphate  and  borate- 
phosphate  buffer  extracts  -nth  a  pH  of  6.7  reveal  a  rapid  drop-  in  the  hemag¬ 
glutinin  titer  at  room  ter^erature  (2C°  C)  within  1-2  hours;-  at  lower  tem¬ 
peratures  (  +  4°,  -  20°  C);  fti.ore  is  likewise  a  complete  activity  loss  within 

*24  hours.  On  the  other. ham,  hemagglutinin  ins  a  relatively  high  degree  of 
stability  in  case  of  airline  reaction.  Borate  extracts  with  a  pH  of  8.7  - 
9.0  can  be  conserved  without  any  major  titer  loss  for  1  -  2  days  at  ■+ k  C, 
and  for  4—5  days  at  —  2C°  C.  In  case  of  longer  storage,  .-the,;  nemagglutinin 
titer  as  a  rule  drons  progressively  so  that  the  specimens  finally  become  com¬ 
pletely  inactive  — *at*  +  4°  C  mostly  from  the  6th  -  10th  day  on,  at  -  20  C 
mostly  from  the  9th  -  15th  day  on.  The  stability  of  the  hemagglutinin  by  the 
way  at  sn  fluctuates  considerably  from  one  specimen  to.  the  next  sophat  the 
times  given  here  only  refer  to  an  average,  norm.  Borate  extract^can  be_.yo- 
philized  without  major  titer  loss;  the  duration  of  the  cons*rvability  of 
lyoohilized  specimens  however  has  not  been  determined  as  Finally  we^ 

come  to  the  question  as  to  whether  in  such  investigations  the;  stability  Ox 
the  hemagglutinin  is  in  fact  decisive  or  whether  the  drop  in  the  heaagg  utxnin 

titer  is  brought  about  only  tiirough  the  progressive  Ihss  of,  inf ectiousness 

during  the  conservation  period.  On  the  basis  of  several  infectiousness  ^de¬ 
termination  involving  cold-conserved  specimens  we  would  havauto  assume  _  that 
the  "inactivation  of  hemagglutinin"  takes  place  in  terns  of  time  when  the 
infectiousness  titer  drops  below  the  thrcshhold  value  required  for  kamagglu- 
tination. 

’  ‘  i 

.  •  .  ; ; ;  v." . 

Discussion  of  Sxoerjxental  Results 

According  to  Sonja  11.  Buckley  (1 )  certain  Arbor  viruses  of  Group  A 
(equine  Encephalomyelitis  Type  west,  Sindois)  respectively  B : (Kyasanur  ?orest^ 
Disease.  Hest  Kile)  in  the  infected  explant  of  animal  and  human  origin  (chac.ven 
embryo,  HeLa,  Detroit-6,  embryonal,  human  intestinal  tissue),  can  be  de^ermin^ 
and  established  with  the  help  of  the  hemadsorption  test  o*Shelx&ov,  .Vogel, 

Chi  (21).  He  were  never  able  -to  observe  a  true  hemadsorption  with  ohe  yellow- 
fever  virus  (that  is  to  say,  a  firm  binding  of  added  goose  erythrocytes  to 
infected,  explar.ted  tissue)  although  we  strictly  fcllowedthe  technique  recom- 
mended  by  Buckley.  Under  the  effect  of  the  alkaline  borate  l^.er  the  virus, 
resoectively,  the  hemagglutinin,  were  always  completely  washed  out  or  the  ji- 
f ected  tissue  cells  so  that  no  hemadsorption  phenomenon  could  taxe  place  pre¬ 
cisely  because  of  this.  Bit  there  was  no  hemadsorption  either,  whenever  tne 
pretreatment  of  the  explant  with  a  crashed  borate  buffer  was  omitted  and  when 
the  infected  tissue  was  placed  in  contact  only  with  an  erythrocyte  suspension 
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-Uui-  o-  unese  Ainaouigs  a*,  seems  reasonaole  to  assume  th*»t-  the  hemagglu¬ 
tinin  of  yellow-fever  viic&sjis  not  spontaneously  liberated  of  the  still  vital, 
morphologically  intact  cells  and  that  it  instead  becones  determinable  only 
after  the  cell  decomposition  or  due  to  artificial  extraction*  It  remains  to 
be  determined  whether  the -yellow-f ever  virus  differs  basically  from  the  other 
Arbor  viruses  in  this  respect,  as  one  night  assume  on  the  basis  of  the  eseperi- 


‘v.emadsorptiqn, "  which  she  established,  is  undoubtedly  not  of  the  "purely 
classical,  type"  because  agglutinates  could  be  established  also: outside  the 
explanted  tissue  in  chain-shaped  groups,  j  •  ' 


The  most  important  result  of  this  investigation  probably  resides  in 
the  fact  that  we  succeeded  in  extracting  the  hemagglutinin  from  inf ected  ex¬ 
plants  apparently  quantitatively,  ’rithout  the  tissues  here  being  damaged  to 
any  great  extent.  •  It  is  furthermore  worth  noting  that  agitation  with  fluoro¬ 
carbon  (freon)  eliminates  nonspecific  inhibitory  substances  and  this  al3o 
cakes  it  possible  to  prove  the  existence  of  the  hemagglutinin  present  in  the 
culture  medium.  He  thus  have  two  comparatively  simple  methods  available  for 
the  early  establishment  of  the  yellow-fever  virus  in  the  explant  —  even  be¬ 
fore  the  appearance  of  the  cytopathogenic  effect.  Both  methods  are  suitable 
also  for  the  purification  of  hemagglutinin,  respectively,  virus,  and  could 
therefore  prove  to  be  valuable  also  for  electron-optical  preparation  and 
possibly  also  for  the  obtentior.  of  albumin-poor  vaccines. 


The  relationship  of  the  hemagglutinin  to  the  infectious  virus  particle 
lias  so  far  not  been  investigated.  At  any  rate  it  is  certain  that  borate  ex¬ 
tracts  and  freon  purificates  contain  not  only  hemagglutinin  but  also  infec¬ 
tious  viruses  and  that  there  is  an  extensive  proportionality  between  the 
hemagglutinin  concentration  and  the  degree  of  infectiousness. 


The  properties  of  the  yellow-fever  hemagglutinin,  which  so  far  have 
been  investigated  predominantly  for  the  purpose  of  obtaining ;an  antigen  suit¬ 
able  for  the  hemagglutination  inliibition  test  (3,  10)  basically  reveal 

the  criteria  set  up  by  Sabin  and  associates  for  other  Arbor  viruses  (19*  20, 
5»  b,  7»  G»  9*  22,  23):  (1)  The  release  of  hemagglutinin  from  infected  tis¬ 

sues  proves  to  be  dependent  on  the  pH  and  on  the  electrolytes  of  the  extrac¬ 
tion  liquid;  (2)  The  henagglutinatir.g  activity  is  confined  to  a  certain  pH 
range,  it  is  often  dependent  on  the  temperature  and  it  mostly  reveals  a  nar¬ 
row  erythrocyte  spectrum.  The  ensymatic  destruction  of  the  cell  receptors 
does  not  take  place  here.  ITormal  sera  are  capable  of  inhibiting  the  hemag¬ 
glutination  through  their  content  of  nonspecific  inhibitors;  (3)  The  sta¬ 
bility  of  the  .hemagglutinin  is  small  in  the  pH  zone  of  its  optimum  activity 
and  is  guaranteed  only  in  case  of  alkaline  reaction;  (£)  Experimental  sus¬ 
tained  passage  of  virus  strains  can  cause  a  loss  of  the  capability  for  hemag¬ 
glutinin  formation.  Hi  thin  this  framework  the  hemagglutinins  of  various 
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viruses  do  reveal  character?, sti c  differences,  as  was  proved  by  Sabi n 
and  associates  with  respect  to  their  optimum  reactivity  with  erythrocytes 
a^d  in  accordance  with  the  degree  of  their  stability.  On  the  basis  of  avail¬ 
able  but  by  no  means  complete  investigations  ii>  would  seem  that  the  hemagglu¬ 
tinin  of  the  yellow-fever  virus  would  correspond  most  closely  to  that  of°the 
Japan-B-Bncephalitis-Virus. 

Sumnarv  v 


M .  The  hemagglutinin  of  the  yellow-fever  virus  can  be  established 
quantitatively  in  infected  human  emolsnts  both  in  the  tissue  (through  alka¬ 
line  e:rtraction  with  borate  buffer)  and  in  the  liquid  culture  phase  (after 
elimination  of  nonspecific  inhibitors  with  freon). 

y  -  2.  Hemagglutinin  can  be  established  in  the  erplanted  tissue  already 
before  the  cytopathogenic  effect  and  it  reaches  its  highest  concentration  at 
the  time  of  the  maximum  inf ecti cacness  titer.  The  release  of  hemagglutinin 
into  the  culture  medium  takes  place  in  a  synchronized  fashion  with  the  pro¬ 
gression  of  the  cytopathogenic  effect. 

','3.  There  is  a  certain  proportionality  between  the  hemagglutinin  and 
the  infectiousnoss  titer. 
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